Bone marrow transplant (BMT) recipients frequently experience the proliferation of Candida populations in the oropharynx during the period of neutropenia following myelosuppression (21, 28, 33) . Consequences include localized candidiasis and, in some patients, fungemia (20, 21, 33) .
Although the oral environment is profoundly altered by medications and antimicrobial agents received by patients during transplantation, it is not known whether candidal succession is primarily a response to these covariates or to other factors, such as a reduction in host immunity, changes in candidal adherence to oral epithelium (18, 19) , or bacterium-yeast interactions. The last may involve coaggregation (2), growth stimulation, or inhibition (16) .
The aim of the present investigation was to characterize oral fungal and bacterial inhabitants of BMT patients and to examine coaggregation between Candida isolates and oral bacteria. The bacterial strains, chosen to represent common oral inhabitants of immunosuppressed cancer patients (23, 27) and normal subjects (22, 24) , were both reference strains and direct isolates from BMT patients.
MATERIALS AND METHODS
Subjects and specimen collection. Eight post-BMT patients at the Johns Hopkins Oncology Center (JHOC) participated. All were diagnosed as having a hematologic malignancy (acute lymphoblastic leukemia, acute myelogenous leukemia, or lymphoma) before receipt of the auto-or allogeneic BMT, and all were neutropenic (<1,000 neutrophils per mm3) at the time of specimen collection. Subjects rinsed with 10 ml of sterilized 0.85% saline solution for 30 s and expectorated into sterile plastic screw-cap containers. The containers were transferred within 1 h to an anaerobic chamber (Coy Lab Products, Inc., Ann Arbor, Mich.) containing a gaseous atmosphere of 5% carbon dioxide-10% hydrogen-85% nitrogen and with an ambient temperature of * Corresponding author.
37°C. The anaerobe laboratory was located at the University of Maryland Dental School.
Culture procedures. The objectives of the culture procedures were to (i) describe semiquantitatively the total salivary microbiota in the neutropenic subjects, (ii) isolate and characterize salivary bacteria appearing in abnormally high concentrations, and (iii) obtain fungal isolates for the coaggregation experiments. Definition of abnormally high concentrations was based on quantitative studies of salivary microflora from normal subjects conducted previously in our laboratory with similar culture techniques (22) (23) (24) .
Specimens were dispersed for 10 s by ultrasound (Cell Disruptor; Kontes, Vineland, N.J.), serially diluted in reduced transport fluid (17) , and plated on nonselective and selective agar media. MM10 sucrose blood agar (17) was used as the nonselective medium. This medium was incubated anaerobically and aerobically in 10% carbon dioxide at 37°C. Selective media were (i) mitis salivarius-bacitracinsucrose agar for Streptococcus mutans (10), (ài) actinomyces agar (35) , (iii) neisseria agar, (iv) Rogosa SL agar for lactobacilli (Difco, Detroit, Mich.), (v) veillonella agar (Difco), (vi) Sabouraud dextrose agar for yeasts (BBL, Cockeysville, Md.), (vii) mannitol-salt agar for staphylococci (BBL), (viii) desoxycholate agar for enteric bacilli (Difco), (ix) laked sheep blood agar with vancomycin and kanamycin for oral Bacteroides spp. (30) , and (x) crystal violet-erythromycin agar for Fusobacterium spp. (34) .
Representative fungal isolates from Sabouraud dextrose agar and isolates of bacteria determined to be present in abnormally high concentrations were purified on nonselective medium and identified with appropriate API (Analytab Products, Plainview, N.Y.) rapid identification systems.
Coaggregation assay. The coaggregation assay of Bagg and Silverwood (2) Inhibition of coaggregation. The objective of these experiments was to identify substances or conditions which inhibited coaggregation reactions. Although the present investigation was not designed to characterize the biochemistry of coaggregation reactions, the inhibition studies were intended to help categorize and partially elucidate the bacterium yeast interactions.
The following substances or conditions were tested for their inhibitory effect: RESULTS Culture findings. The distinctive features of the salivary microflora of the BMT patients designated JH01 to JH08 are presented in Table 1 .
Gram-negative bacilli (GNB) were predominant in six of the eight specimens and were identified as Pseudomonas species in three specimens. Yeasts either were not detected in specimens in which GNB were predominant or were present in low concentrations. Relatively high levels of yeasts were recovered in specimens from JH05 and JH06, in whom GNB either were not detected (JH06) or were not predominant (JH05). In both of the latter cultures, L. amylovorus was isolated.
The microbial specimens obtained from the BMT patients and used in coaggregation experiments were four strains of C. albicans and one of C. lambica, L. casei subsp. pseudoplantarum, Pseudomonas stutzeri from two individuals, P. maltophilia, L. amylovorus from two individuals, and S. mitis. Additional candidal and bacterial strains are listed in Materials and Methods.
Coaggregation assay. The results of the coaggregation assays are shown in Table 2 and Fig. 1 which exhibited coaggregation were incubated with a variety of sugars and subjected to heat prior to mixing (85°C for 30 min) in an effort to examine the specificities of the coaggregation reactions (Table 3) . All Candida strains which coaggregated with a particular bacterial strain reacted similarly in the inhibition experiments when combined with the same bacterial strain. Reactions involving all S. sanguis strains, S. epidermidis, and A. viscosus were not inhibited by the sugars tested. Reactions involving S. mitis, L. salivarius, S. salivarius, and B. gingivalis were inhibited by only one sugar each. These were, in respective order, a-methyl-glucoside, a-methylglucoside, D-(+)-glucosamine, and dextrose. Coaggregation reactions between Candida strains and F. nucleatum were inhibited by a-methyl-mannoside and D-mannose. Those between Candida strains and both L. amylovorus strains were inhibited by oa-methyl-mannoside, D-mannose, dextrose, and a-methyl-glucoside.
After heat treatment, S. salivarius, S. epidermidis, B. gingivalis, and F. nucleatum stiil coaggregated with yeast strains. However, this activity was lost in reactions involving L. amylovorus, S. mitis, L. salivarius, all S. sanguis strains, and A. viscosus. (4, 19) or growth conditions (4, 14) . A recent study by Brawner and Cutler (3) found that C. albicans strains isolated from immunosuppressed individuals differed serologically from strains isolated from immunocompetent individuals.
Attachment of microorganisms to epithelial cells is recognized as a crucial step in the colonization and infection of the host. Although it was suggested that certain bacteria possess ligands that could bind to both candidal and epithelial cells and thereby mediate adherence of the yeasts by a "bridging" action, the possible role of this type of attachment in relation to oral colonization by yeasts has received little study. Gibbons and van Houte (9) L. acidophilus is usually found in dental plaque, and L. casei is usually found in carious dentin (11) .
A. viscosus, a predominant Actinomyces species isolated from dental plaque, is recognized as being indigenous to the human oral cavity (12) . A. viscosus ATCC 15987 coaggregated with C. lambica, C. tropicalis, and two strains of C. albicans in the present study. Bagg and Silverwood (2) also reported coaggregation between Actinomyces and Candida strains.
F. nucleatum VPI 10197, isolated from the gingival crevice, has shown a characteristic hemagglutination pattern with a variety of erythrocytes of human and animal origin (8) . It was suggested that this bacterial species possesses lectins that recognize galactoselike residues on human cell surfaces and possibly allow attachment of the bacteria to cell surfaces. Since coaggregation was found in the present study between F. nucleatum VPI 10197 and all the yeast strains tested, a potential for mediation by this bacterium of oral colonization by yeasts exists.
Bacteriodes species have been recognized as prominent members of maturing dental plaque (31). B. gingivalis was reported to be the only member of the black-pigmented Bacteroides group that coaggregated with several oral species, including Veillonella, Capnocytophaga, Actinomyces, and Rothia species (6) . In the present study, B. gingivalis CS213 coaggregated with three yeast strains. B. gingivalis was reported to be present on the dorsum of the tongue and oral mucosa but only in very small numbers (15). Bagg and Silverwood (2) proposed that, because of the scarcity of B. gingivalis, its cooperation in the colonization of the oral mucosa by yeast strains in vivo is unlikely.
Previous investigations have suggested that differences in enzyme production or the ability to adhere to epithelial cells exist among various strains of C. albicans (1) . Our findings of differences in coaggregation among seven strains of C. albicans strongly suggest that specificities of coaggregating pairs existed at the strain level. Differences also existed at the species level. C. lambica, for example, showed less coaggregation with bacterial strains than did C. albicans or C. tropicalis.
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